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chondrocytes, and some cells in the calciﬁed cartilage, stained
positively for RANKL. No differences in the protein distribution
between the two groups of patients were observed. In HOC in
culture, PGE2 elicited a dose and time-dependent increase in the
synthesis of OPG and, to a signiﬁcantly higher extent, those of
RANKL. Confocal microscopy revealed that PGE2 induced RANKL
transport to the cell membrane.
Conclusions: These data indicate that OA induces a resorptive
signal in the cartilage by modulating OPG/RANKL ratio. Long-
term NSAID treatment inhibited the resorptive signal synthesized
by chondrocytes, especially RANKL synthesis, an effect probably
mediated by the inhibition of local PGE2 concentration. In vitro,
PGE2 regulates the expression and the release of the key medi-
ators of bone metabolisms by articular chondrocytes. The role of
this system in OA cartilage metabolism is still unknown, although
it would allow the cartilage to control the activity of subchondral
bone cells in a paracrine fashion.
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Purpose: Onset and progression of osteoarthritis (OA) are as-
sociated with obesity. Since not only knee OA but also hand
OA is associated with obesity, systemic metabolic factors next to
mechanical factors might inﬂuence this process. Recent studies
showed that adipose tissue is not only able to secrete adipokines
but also cytokines such as IL-1beta and IL-6. We hypothesized
that factors excreted by adipose tissue contribute to the onset and
progression of OA.
Methods: Explants of Hoffa’s fat pad obtained during total knee
replacement of 19 OA patients were cultured separately in medium
for 24 hours in a concentration of 50 mg/mL resulting in 19 different
batches of fat conditioned medium (FCM). Explants of healthy
cartilage were cultured in FCM (1:1 with fresh medium) for 48
hours. Cytokine, chemokine, adipokine and growth factor content
(Luminex) of the FCM, NO production by the cartilage, and gene
expression in the cartilage were determined. Principal component
analysis (PCA) was used to reduce the data of the mediators
that are correlated. The 45 mediators measured in the FCM were
entered in the PCA. Using Eigen values >1, ten components were
suggested. These components were examined for correlation with
the cartilage parameters.
Results: The inﬂammatory cytokines IL-1beta and TNFalpha were
present in very low amounts in the medium conditioned by fat from
osteoarthritic joints (range from 0 - 17 pg/mL). In contrast, IL-6
(289 - 8840 pg/mL), leptin (35 - 7395 pg/mL) and adiponectin
(33642 - 222592 pg/mL) were present in high amounts. Other
factors present in high amounts the FCM were IL-8, FGF2, MCP-1
and resistin. NO production in response to the FCM decreased
or remained unchanged compared to the control condition with-
out FCM. MMP-1 and collagen type II gene expression mostly
decreased in response to FCM. MMP13 and MMP3 expression
varied more, depending on the FCM batch and thus the donor of
the Hoffa’s fat pad. Aggrecan gene expression increased after ad-
dition of some FCM batches. In the principle components analysis
it was possible to account for over 86% of the total variance in
adipose secreted factors using 10 principle components. Four of
these components correlated with the MMP-1 and collagen type
II gene expression in cartilage in response to the FCM. Another
one of these components had a negative correlation with MMP-13
gene expression in response to the FCM (R = -0.75, p < 0.001).
Conclusions: The Hoffa’s fat pad from OA patients excreted
several cytokines, chemokines, adipokines, and growth factors. By
using principle PCA, we were able to identify 10 components,
which contain secreted proteins that share an expression pattern.
Some of these components correlated with cartilage parameters.
Thus, medium conditioned by Hoffa’s fat pad is able to inﬂuence
healthy cartilage metabolism, depending on the donor of the
Hoffa’s fat pad. Further (statistical) analysis is needed to examine
what is represented by these components and to elucidate the
effect of adipose tissue on healthy cartilage.
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Purpose: Cell source is one of the limitations preventing the clini-
cal application of cartilage tissue engineering. Sufﬁcient numbers
of cells can not be obtained from sparsely cellular cartilage and
this can not be overcome by in vitro cell expansion as chon-
drocytes lose their phenotype in monolayer culture. As part of
a cartilage tissue regeneration project, we have shown previ-
ously that human dedifferentiated articular chondrocytes can form
cartilage tissue in vitro when co-cultured with bovine primary (non-
passaged) chondrocytes. In this study we examine co-cultures
over a four week period in order to characterize the newly formed
tissue and to determine the optimal time for the second stage- in
vivo implantation.
Methods: Bovine articular chondrocytes were harvested from
metacarpo-phalangeal cartilage and human chondrocytes from
normal articular cartilage resected during soft tissue tumor surgery
(approved by the hospital ethics board). Co-cultures consisted of
200-fold expanded human cells (hP2) (1.6×106 cells/ﬁlter) and
bovine primary chondrocytes (bP0) (0.4×106 cells/ﬁlter) seeded
onto membrane inserts. hP2 and bP0 cells were grown alone as
controls. Tissue formation was evaluated histologically by tolui-
dine blue staining, type II collagen immunostaining, and trans-
mission electron microscopy. Proteoglycan and collagen content
of papain digested tissue was determined spectrophotometrically
by dimethylmethylene blue dye-binding assay and chloramine-
T/Ehrlich’s reagent, respectively. Hoechst dye 33258 was used to
determine DNA content. Total RNA was extracted with Trizol and
gene expression determined using quantitative PCR relative to
hP2 cultured alone. Experiments were done in triplicate and re-
peated 3 times. The data was pooled, expressed as mean ± SD,
and analyzed by ANOVA. Signiﬁcance was assigned at p<0.05.
Results: Histological examination demonstrated that hP2 cells
cultured alone did not form cartilaginous tissue and failed to
show proteoglycan accumulation beyond the ﬁrst week. However
when grown in co-culture, these cells formed tissue containing
proteoglycan-and type II collagen by 2 weeks in culture. In bP0
cultures tissue formation was evident by 1 week. Collagen and
proteoglycan content in the co-culture generated tissue continued
to increase during the four weeks of culture. bP0 cells accumulated
collagen and proteoglycans until 3 weeks after which there was
no further increase. After four weeks, the tissue formed by the
co-culture appeared thicker than the tissue formed by bP0 alone.
TEM showed no evidence of direct cell to cell contact at any time.
Both bP0 and co-culture showed an increase in type II collagen
gene (col 2) expression after 48 hrs. of culture followed by a dip
after the ﬁrst week. Expression then increased 10,000 fold at week
2 and these levels were sustained till week 4. Sox9 expression in
Osteoarthritis and Cartilage Vol. 17, Supplement 1 S115
bP0 increased 10-fold by 48 hrs., gradually increasing to 100-fold
by week 3 and then did not change signiﬁcantly. In the co-cultures
Sox9 expression increased 10-fold by 48 hrs. and remained stable
up to 4 weeks.
Conclusions: Redifferentiation of passaged cells occurs within
the ﬁrst two weeks of co-culture with primary chondrocytes. The
primary cells cultured alone, formed cartilage tissue one week ear-
lier than the co-cultured cells. This difference may be due to the
time needed for the passaged cells to undergo re-differentiation
similar to that seen for mesenchymal stem cells undergoing differ-
entiation to chondrocytes. Interestingly, lower levels of Sox9 gene
expression in co-cultures was sufﬁcient to result in Col2 expres-
sion similar to bP0. The data suggests that implantation of tissue
must occur after 2 weeks of co-culture.
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Purpose: Articular chondrocyte phenotype is characterized by
an expression pattern of genes coding for the extracellular ma-
trix. Various wnt genes were described to induce a chondrocyte
dedifferentiation process mediated by interleukin-1β (IL-1β) in os-
teoarthritis. Inorganic pyrophosphate (PPi) was shown to inﬂuence
osteo-articular cells phenotype. Moreover, we previously demon-
strated that ANK was mainly responsible for extracellular PPi
(ePPi) generation. In the present work, we studied the role of ANK
and ePPi in the maintenance of articular chondrocyte phenotype,
known to be dedifferentiated in osteoarthritis. We focused on the
implication of the Wnt signaling in this process.
Methods: We characterized the dedifferentiating effect of IL-1β
(10 ng/ml) on the articular chondrocytes. To investigate the role
of Ank in phenotype maintenance, we either transfected chondro-
cytes with a plasmid overexpressing Ank, or with siRNA directed
against Ank. We analyzed genes expression by real-time quan-
titative RT-PCR, and performed immunocytochemestry analyses.
We also harvested the supernatant from cells transfected with Ank
siRNA, and used it on chondrocytes to check for the activation
of canonical (Tcf/Lef reporter plasmids, western blot of β-catenin
nuclear translocation) and non-canonical Wnt pathway (western
blot of JNK phosphorylation). These experiments were repeated
with neutralizing Wnt-5a antibodies to evaluate the contribution of
Wnt-5a. In another set of experiment, we stimulated chondrocytes
with supernatant from cells transfected with Ank siRNA and chal-
lenged with 0.1 mM of exogenous PPi. Type II collagen and Sox-9
expression were assessed, as well as the activation of Tcf/Lef.
Lastly, we controlled whether the effect of IL-1β on the activation
of JNK and on the expression of genes speciﬁc of chondrocyte
phenotype were modulated by exogenous PPi.
Results: IL-1β induced chondrocyte dedifferentiation, as Wnt-
5a mRNA expression was up-regulated by 2.5-fold, while Ank
and type II collagen expression were reduced respectively by
3-fold and 4-fold. In cells overexpressing Ank, IL-1β induced no
more Wnt-5a expression and type II collagen expression was
only reduced for 55%. Transient Ank knock-down also led to
dedifferentiation, as type II collagen and Sox-9 expression were
reduced respectively by 50% and 35%, while Wnt-5a expression
was induced 2.5-fold. Immunocytochemestry conﬁrmed these ten-
dencies. This suggested a role of Ank in articular chondrocyte
phenotype maintenance. Supernatant from cells transfected with
Ank siRNA induced a 2-fold activation of Tcf/Lef plasmid and an
increase in nuclear β-catenin level, but no phosphorylation of JNK
was detected. This showed the involvement of only Wnt canonical
pathway in the process. Moreover, neutralization of supernatant
using Wnt-5a antibody ensured a complete suppression of Tcf/Lef
activation, demonstrating the crucial role of Wnt-5a in the dedif-
ferentiation process. Exogenous PPi diminished the effect of Ank
siRNA, as expression of type II collagen was less reduced (25%
instead of 50%), and likely, Tcf/Lef activation was reduced by
50%. Finally, exogenous PPi did not modify JNK activation by
IL-1β, but reduced its dedifferentiating effect, as type II collagen
expression was only reduced by 2-fold (instead of 4-fold), suggest-
ing that PPi only countered the canonical Wnt pathway-induced
dedifferentiation process.
Conclusions: ANK and ePPi are implicated in articular chondro-
cyte phenotype maintenance, markedly resulting from suppression
of Wnt canonical pathway activation. This opens new insights in
the understanding of the Wnt signaling mechanisms in osteoarthri-
tis.
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Purpose: Some studies indicate that insulin can be an important
anabolic factor for chondrocytes, namely due to its ability to pro-
mote proteoglycan and type II collagen synthesis. However, little
attention has been devoted to the mechanisms that mediate the
actions of insulin in chondrocytes, particularly whether the spe-
ciﬁc insulin receptor (IR) or the structural- and functionally-related
insulin-like growth factor receptor (IGFR) is involved. Glucose is
essential for glycosaminoglycan synthesis and one of the major
actions of insulin is to increase glucose transport, namely in some
cells by promoting the plasma membrane incorporation of the Glu-
cose Transporter (GLUT)-1, which is expressed by chondrocytes
and regulated by anabolic and catabolic stimuli. Thus, the aim
of this study was to determine whether 1) adult human chondro-
cytes express the IR, 2) physiological concentrations of insulin are
able to regulate glucose transport and GLUT-1 protein content in
normal and osteoarthritic (OA) human chondrocytes, and 3) the
effects of insulin on glucose transport are mediated by the IR or
the IGFR.
Methods: Normal human chondrocytes were isolated from the
femoral condyles of multi-organ donors without macroscopic signs
of arthritic lesions. OA chondrocytes were isolated from patients
undergoing total knee replacement surgery. Serum-starved sub-
conﬂuent chondrocyte cultures were treated with 1 or 10 nM insulin
for 48h or 30 minutes in the absence or presence of 0,05 or 0,5 μM
Picropodophyllotoxin (PPP), an IGFR kinase inhibitor. Glucose up-
take was measured as the amount of non-metabolizable 2-Deoxy-
D-2-[2,6-3H]glucose (2-DG uptake) transported into chondrocytes
for 30 minutes at 37°C. Phosphorylation of Akt and total GLUT-1
content were evaluated by Western blot in whole cell lysates. IR
mRNA expression was evaluated in normal and OA chondrocytes
by Real time RT-PCR.
Results: Similar levels of IR mRNA were detected in both nor-
mal and OA chondrocytes. Treatment with 1 or 10 nM insulin
for 48h signiﬁcantly increased 2-DG uptake (125±3.6% and
141±3.5%, respectively) in normal chondrocytes. The presence of
PPP caused an 8 and 20% reduction in 2-DG uptake induced by
